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Abstract 



A novel polymer and process for producing polymers incorporating linear long chain side branches are provided. 
The long chain linear branches occur at a frequency of less than 5.0 branches per 1000 carbon atom of the main 
polymer chains with at least some branches having a molecular weight greater than the critical molecular weight for 
entanglement of the polymer. The linear long chain branched polymers are produced by alpha-olefin 
macromolecule incorporation during bridged metallocene catalyst polymerization in solution and slurry processes. 
The polymers are characterized by superior processability characteristics of the polymer melts and superior 
mechanical characteristics of the solid polymers. The polymers are useful for fabrication into a wide variety of 
articles by conventional fabrication techniques. 
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*^0^9^N, N- v ? 7/U=¥/U7-y ; (i-^otVU) TV^e^ 

^A^h^ (^isfJ/UzfrV? ^=-/U) mm, is is 9 u^^i^/VTl^=e=- & J±T 
h7 (:7^~/U) WligSfOJ: 9^^7/^/U7y^^^^I ; hy7x-/U^ 

^^r>^^h^ mm. hy M^vi^m^/u) ^x^^^a^ 

mm. hy (^^f;u7x^) tp^vv {-7=-~M 

mm^<D£?te hy7!)-;^x^^tt'^ 0 

itt*;tfti\, ro^BBLT, ifrfay^hte, ^tL(c^^5^^^Eiai~6t> 



(24) «Ft¥8-50 2 3 0 3 

12. [L* -H] + [B(C6F5)sQ]- 

Ut^flH4#Mb^«0«^tt. Qj&*. *?vK ^^/K v-^a— 
A-X 7 * =./u X*&> Z> X b * i£*6 * t Kn*/u tT/P T*fe 6 t^X I* Q ^ # y * 

it$^:5C^^X*#5^T% =FS140l7y^^. Jfi % *@ (phases) Xf2^#J: !9 

13. [L" -H]c[(CX).(BX ')»Xb] c - 

14. [L" -H]d' [[[(CXs)a' (BX?).' (Xs)b' ] c ' ~]2 
M"' + ] d '- 

OS** [L* -H] tt, H*X«. x&m<D-7* h^itfrbffimZtiZ 

X N X'. X* . Xs, XratfXstt. «*fc*5WMMk ^p^y»i, t 

aRt/b«o«_bos»[r-a>t). c « i ^ jKD*»-e*> 9 , 

aa'+a'ba'+ca'|12 75M#*J 8 <OffiiftOSE3&T*S> 9 , m(2 5 73fM#*J22 



(25) «f*¥8«5 0 2 3 0 3 

T?*>9, a + b + c = 4 7!rSB 8 0««:<oaE»-e*> 9 . mfi 6 7!>Sfcl2<E>fiJft-? 
£>*9, nfi. 2c a ' - n a ' = d ' T*fe5«fc 5 4SScT*fc^ d ' tt 1 £X± 

15. [(CH)ax (BH)bx ] cx - 

(** % axteOXfil T-£>*K cxfilX{i2T*fct). ax+cx= 2 *K bxfi&J 
I075S1 2^)l^fc -5) 

-c?**>*tt6d?7 yxi4*^7yr=tyo=i*ry*=^», (2) — 

16. [(CH)ay (BH)-y (H)by ] <*' 

0**, ay«U 0 75M2<OS»-C*>»). byte 0 3 t) , cyli 0 

3<£>SEl&-r*>9. ay + by+cy= 4 inytt. *J 9 7!iSKll8tOS»Tfe€») X 

mfrZtiZtf? ^o=«*r >^xtt 

# /U 7 Wl^ft *> -B 3&>X tt 

17. [[[(CH)az (BH)oz (H)bz 2M ra+ ]^ 

(5*C«K az^0 7!;^2O^^T^«9, bzfi 0 2 (^SScT-*> 9 . cz«2X«3 
T**>!5. mz«^9 7!rSllOSife"C*>t), az+bz4-cz= 4 T*&> 9 . nz&tfdzfi^rfr 
Z?tl2RXfi2X&3RXfl XfoZ>) xmt>£tl&. tZy^y^ (metallaboran 
e) & yjJJl'&yZ/ (raetallacarborane) T ^Jrl/CDE.W&T V A 

. t** lb!) (n-^^/u) ry^^] K^jfrfflBrtfi, ex [hy (n-:/ 



(26) ^m^8 - 5 0 2 3 0 3 

y^/u) r^^e^A- i-^/^^anit, hy (n-y^/u) r^^e^^ix 

^^1:7^^7^ (14) . 7,S-i/X/l>/<'?lS7*lJtf9> (13) N 2J-*JjM<> 
^^^^^#7^ (13) . >) yf^ t K y 7 1-7,8- v^^ f ;W7 t 8-^;w> !) 
>"r;fr#7>\ hy (n-zf^fr) 7y^-^-6^;^r«^ (12) , 
hy (n-:/^) T >^ - r> j*-7-#/Us< ry ^y?%mW&. hi) (n-y^/io 

vr^^^ojes.^ hy (n-y^/u) r^-e^!> 

At f ^ (ytt Ky hM.3-^#/V'V"*-sK7-- h) 3^h»S (cobaltate) 

(III) % hy (n-^/P) rv^^^J^t:^ (^yf^tKy K-7,8-^yu 
^itZSTXtf 1 ?— h) (ferrate) (III) „ hy (n-^^u) T>* — 

£^tf;* (&is*r%K Ky K-7,8-^yu^^>^/K^— h) =s</u h^i& (I 
II) . hy (n-^yu) TV^^^^e'^ (^yf^tKy K-7,8-^*;M 
£-7-^7- h) =5/^r/U»ifi: (III) . hy (n-^^/U) 7^-?At^ ( 
ytt Ky K-7,8-^^^yU-7.8-^/w^>^#^-- h) (III) . 

hy (n-^/u) ry^^^At^ (hy^p^^tKy k-7,8-^ 

h) 3^h8S (HI) . hy (n-y^/U) T>^e~*-k 

tr* (-^>^b hy K^/w^Kr^^7-h) (ill) Rtff 

* [hy (n-^/u) rv^^r>^] tf;* (?y7^tKy 

^#7— h) ^/</i-h^ (in) ^ J; 5 4t» ^ 7^7 yT^tyt*fc6 0 ft 

5 a*. fBjjRofc*^, mftcT^*-t j*Rxfw&£ titers* -?j±mzmm 



(27) 



- 5 0 2 3 0 3 



18. (R 3 -A1-0) P 

19. R4(R 5 -A1-0) P -A1R 6 2 

20. (M')^Q'o 

T/^^l^<D^Zioh^X. R 3 x R 4 x R 5 ^.t/R 6 f^e^(rCi -Cs^T/MrA- 

Sx #'j;if^^vK ^utVK :/^vK -O^/i^^x plilM^ 

50^M^T^^o ^£?£L<tex R\ R 4 . R 5 &tfR 6 l2^;^/UT-£>9x 

&x%z> 0 h y T/u*;u7^^^vj±&M^ttfe&mm&mcDmmx 

tK £ RlC $ ^ 6 /^X fix hymw;^^?: ^JSttWWBMK* S 

/u/^^r)^ ^f/U7;u^!>^^P7^h\ ^y^f/W^^i. 

h\ ^f/ur/u>-^i,^D7^ K^J:5^hy7/i'^7^^ 

li^f/urw^ty (mao) x&>z> 0 4 75M25<osp*&2j-y =r-^— fts (p = 

4 75M25) Sr^rrsy ^/i-T/^^V 0&s#£L<) x 137!;^25^|BS^¥^ 
7Vl^**V|i8iJ« (discrete) (DWgXftl^ t t>mffi$tlZ> 0 AfflWfcT 



(28) #f?8-5 0 2 3 0 3 

t 

urm^iZv^n^. ^Jti^ff ^^277,003 

o 

JS^-atf > ^? o-fe >-«^ fc 5 C t ^®6t)fc^*^-^^* 

-rSz-Ky-r-^itt-S^lcM-f-S, *3SSf3fiX. ^iE&T^3}->-. r/u^r/u 



(29) %fm^8 - 5 0 2 3 0 3 

di) fi^f^^^ y^y^-^iwy^-M'&t) 

y ^>-&^y y -r-^^tte 0 lix^w^y^-^iic 
0 ^^/«?:tU 250 J: 0#ir =»sKy -r-Xtt^y^- 



s 

(30) »5S¥8-5 0 2 3 0 3 

^ry, 1 — iyry, 4 ^vwO^v- l> 1 — ^r-fciOfcli 1 —Jr#T 

#y^— fc»#0>»* (dimension) ^r^IDX^o 

*38W^tt#y-^-*ttAl!WJ-tt50.000JEJLJb. »* U< 1350 ,00075^1 ,000, 
000tf>fiS¥*&#^-*Xtf 6 ^TOMw/M n ^ft6 Q *»W«>5>tt# y 
*^»S««fc*Slf=.yU**#y-e— (-^^ n-e-) fi. ftffiftfctt200J; 9 
*V\R5Rtf):6$, £r£ L< f22507I/^3,500. J: 19 »* L < 1*30075 S 

3.000«3WI*-e*>*. Sfelc. »*©±glt?*4«il**Lftl^i:*s«S«-«llc 

«rtfi-c*>6a^ m^wfid ^o^iooo^^^s^T^ffiy^r^^c 

X. *mW&, t*~^i%^i?**S^-£mmftXtel'!)-?: (series) & 
^£*fi^£^£££fc4fcl2*r5o X, ci^ey 1 oco^ft^ J: 9giJ 

t^/u^S^y -v- (-^u^r-) fc*«W^tt2Ky^--^)|iif^*:»3S-rs 



(31) #^F8 - 5 0 2 3 0 3 

Wl^Wl^it^ ( P f P ) 3 -B^7/^o hy7x^;Hi) kkhiz 

— fi^^L'Tl/^o (MesCp) 2ZrMe2 ( ^ ^/U>^ a ^< 

II¥^l^t (Mw) . ^mti^^^t>^m5. 

(M-/Mn) at/. #y^-«c*3^T**-r5»wa«<oiB»-e*>6. 



(32) 



— 5 0 2 3 0 3 



5^J^mfc^S#y^-J:^vv|iStf^ 
iDX»«tt<ojMfe&>e>. ffijJ«*K^iWfcK*^U iKJJ»*«t?fi«**^ 

ttds^M^JiS^y^-T-^Six^^r^SrfttUfc'Ufeo *^OTKy-e- 

(ESCR) fit, fc#*3ISH*tt. ft#**^3.7^/*«^9^. 
(reblock) /^7^^R(;6ffi8«tttife5, 

»* l vvtf y -e-«»M*<ojDx«!«ttat/Hff # y ^h«««j«f«:<o - 

<tv^ yxii, l d P E^^px^^^^i-^^^+^^S&t^+^t-^^ 

y .oooKiRiK^a 9 5.«i»tt©»*«}^tift5#y 

(Mc) tc^*B*W*^*J;9*#^3F^^»&*-r-5^ 



(33) ¥?mW8 - 5 0 2 3 0 3 

< oW»«fi^ft«(0»Ai: iotlSStiSc -tixfeOsKy-^-li. 2.07!; 
SlO©/KttH©^«»# (Mw/Mn) fc*>fcB»igi5*x6 

o #*u<tt, #y^-±*o«»iiit^i.oooa9 5**» 

tt (»*L<ttl.000O«*IR^S9 0.275M3^tt«lO5p*&««. i^JclX 
fi l.OOOOgMWIW- ^9 2 *&tcJ;9»*U<«:, I. 

>SHds«j 2 »S*5i 6 . J:?)»*U<f4 2 7554-efc-6c 
(i407!;M70fifi:%X#S-r^>o 

«fi5>S«Srfi--r-5JiKy-^--^<fi<o*iJ^tt. jKy-^-«iB»:o«tLfe»tt4#ttr- 

*»Lfc^y^^^ffai«<0^*:iBaLfc«l^ tfy^u^co* 
KttiSS WS H*5l>ti*t& ^o^<^«, JfttiWPt LTSnbttT^ 

#*WKJ: 9»5S*nfc#y^-ttlt*UfcffHJ«»il*^"ro C ^ A' L/c 

*«^ct5#4$^#y^^^ 



(34) $#^¥8 - 5 0 2 3 0 3 

^*JStt (integrity) CM^^i5 0 *tl b ©Wt©/<? ^A*9M* J: 9 fc 

tt^MLrA»*#tt4#tt«r**>-r»jllW* (swell ratio) *r*-r-5#y^- 

^rff-T^o *#«jSofiqSEf*. f*t/»fi (elongation viscosity) <Dffi£:ig;*;£ 

i#««Hi!)l:*Sc d?y-r«-^*#W*J5»Ht««:. #y -e-tajfe^ 
tcJM*#y^— J: 9 ^n^OTKy-^-^ffi^WftirWr 



4#^¥8- 5 0 2 3 0 3 



■t UT I FfT^^fbl3^r^®Sil}f+ (parallel plate oscillating shear meltthe 
ometer) X=*tf }) -* — <Di£&ik%ki£.3L^sl'3?— (activation viscousenergy) 

S#tt«f*. JE#T*BlttJ« (refractive index) U—lP-*»aLtt 
£U3s (low angle laser light scattering detector) T?9JS£;h/fcS#5$ fr /l' 
Sil^o^h^^^-r- (GPC) ©IS**H:«-r-5C4:^J:oT=»*PS*L-5o 

(hydrodynamic volume) (-£9 ^^T^fr^o S £ A, ^£>y/u3ig^ p h #7 

7j~mmzisrtz>Mmmmm&, (rd ^ai^rr*,, ^ 

V^^^^ (unbranched calibration standard) ^^^1^ 1 
*WKJ; T^5J ii:ttt?#ftv\ U&»U ffiftS**a (L 

alls) jffy^-^oi-^r^KRS: r^^j o H*o*a»-e 



Mw 



M w 



(DRIM 



(LAL L S^tfj^) 



A 



99800 



99900 



B 



111000 



116000 



(36) #1^8-50 2 3 0 3 

C 206000 231000 

T^^^tiAc^^uv-^^^vn7Ky-7-T^5 0 «9JH*r*tttU» (RI) 
HALL S&ffift^J; ?)WJ|[*tt^-T-*tt«rtt;«E-r5r tiaot, ^(Dffl 

£*t6o WRBUiotvC* RHtHALLS«4tt:Rt5^ SH^ifcis^-C 
5,000(Oli^LAL L S^tiiftiCj: *) ^htl&o 25,000(D^fi 
«)it*ds*m*ix5, WBWCO, LALLS«tti*T-»J«£*Lfc, J: 9 K 

££^y -r-iio^t, s ft stasia* b^^^-(-^m^tt 

1. ^ttft^iSttttai^/l.^- (Ea) 
ett^^^y-e-tttt^i^^^- (viscous energy) fit, ^KKTWiglfclHft 

-zmfr-to lldpeii jRi^^*^*^, ^^-y-^-^s^i2%^#-r 

/fyv-^bt 0 HMW-HDPEIt *t\JHF-*5M&0X 200kc£9*§^ 

u^***y^-sr*fc»-r 0 ldpeii asmsisfexMig^nf^ 

^UV^-e^y -^-£^;b1- 0 LPE w/LCBIt *»M^J)^ 
iKo^i^ LPE w/LCB^iS^Xft<S5^E att. S^ttffl^OM 



(37) 



^mW-S - 5 0 2 3 0 3 



2. *»tt<0NMWD*ltt#y-r»-«2:BB-rSfi*«. •t'iJWS** 
NMWDl^yxf i/y©Mw^340 s - 1 Xt^IQO'C^^Tai^S^SH 
flj£*LT^5 : #£^=0.0115XMw-325 o LD PEKWiKj:, LDPE^ 

il^^^^H^M^-r^. LPE w/LCBOffilli, :^)NMWD,M 
— f*. 340«H /190t;Tigyy£$;ft/eL0.75 (0.0115XMw-325) Ottfi 6 

o 

3. PS^iS&S 

SiS^S^. iSriffsfc-f — /l-3ll5i 9 — i/a > (accelerating wheel take-of 
f station) ^f^fcW W — ? — frhf$LZ> U-^T^X - 4 V ^ * > h 
(Rheotens Instrument) &m\<^Xmfe$tlZ> kfcXZ £ Q mW^^r^—^ — 

wmmz&rtzmmBim*)*:. mr$<D*4-^&m<Dmmt^xmfe-tz 0 m 

-[CO^t, iSSS>!i:5ISl9*!& (draw resonance) <Dfflte&w]\Z 1 9 O^T^J^ 

^r»<M^ti>5 : mmt3mjj= (7.68X10- 5 ) xm w -4.32 0 

#K#y^ — f*. 1-3 ( (7.68X10- 5 ) X (^y-r-OOMw) -4.32) <^»»5I 

t^fffT-fcS^y^-jcj; «9 . 7Ky-r-dSffi«Sr*TL*^»#{^*-13NM 
tfV-T—^&t'O&tmm.+n. 38ppmt*C13-NMR^ h/ufd^^T. u 



(38) 



i i m<D*- u-^mi&m&Rfcm^. 4oomi bs^>. 4o P s i g ^ 

l^>'&t) ? 58.9mg<7)Cp2Z rMez&mimg^B (pfp) 3 [ fcT* (~>^ n-O 

m-encx*). n^#< teztix*2mmm&*-7'>X'&mm. 121.4 g <z>#y 

-^-£3£Cfc 0 ^Lfc;Ky ^-12. 0.1mii*?^fb 1 cm J: £<D$& 

m^^^mm^^m^^h^x^^ y^-^^*. 0.953 

g/cm 3 T*£>frK 29,000(7)Sft¥#75H^fi (Mw) U NMRCJ: 

^^t^/KDftT-^t). 3.28(D&&m&i<Di%m (Mw/Mn) ^r^TLfc 0 

13 C NMR^tff{r J: «9^0^y -e — ±mcO1.000^J©^^ t)0.48^K<7) 

1 1 ^(Vmmm^Jr- V? U—^HJ^^ 400ml <D hA-^^ 25g<£>Hlft#ii 
1 X'WmZtltz.-*? n-^-A [29,000(7)S4^^fi (Mw) £^-5. 

>*^rztfy-r— ] , 100 p s i g(D^^UV^O^0.24^ y ^KZ)t'^ (>^n^< 
yum 45^30mRjmK-C3S*Lfc o S«i&fiS:102 < Ct::±tf0.3 

m&;m£i£tzmz57.o s <D#}) nm^tc^v^-^ o.imm*ai 

^TCOzKy -r— 0.953g/cm 3 T*£><9 . 82,50002^^^1: (Mw) 
&#U 5.3<D#^»tt^*g* (Mw/Mn ) £*Lfc 0 13 CNMR^WaR 



(39) 



c¥ 8-502303 



1 1 &<Djr— V? Is — ^Sffcfi'&KJESt-* 400ml6O^^ri^V N 20 p s i g <D 

(Mw) «21.000T-fct). (Mw/Mn) «8.2T**>ofc 0 13 C 

1 1 <g — ^Sffifi^SlCSSi-, 400ml <D h/l^>\ 25 g(Dii« 

3^§M££*Lfc-^ci-^-B [21.000Ofifi5F*&^* (Mw) , l,000^|t^ 

a 9 i.0(Dt*^/u^ia^i^-r-5a^^U'>jj>^7K!J ] at/. so P s i g 

«-&«>&60 < t (42° <D3§ff*fi) -eo.28^Rl6$^:fco t<^Ip'(-J: 9 , Jgk$L& 

&< ^^^x^^^-^v^r^^raeijS^iir^^s.Sg^^y -^-^^CTt 

. (Mw) tt32.000-e*>S>, #5MRttO»»*fc 



te^asMfr (Mw/Mn) tt3.o-e*>o/£:« 13 c NMRMia y*:(Dtf}) 



(40) 



%?m^8 - 5 0 2 3 0 3 



[*«*IjE»] ttlMfcJBl 8 4^(7)8 
[SlttiBl 1 9 9 4^88 2 6 0 

717 ftlbm 7 H28ff ^*IE 
*SX«-?:^teoB*S. «^.« h y T/^/i'WRMjiaw J: 5*1 5 cog 



(41) 



ftm¥-8 - 5 0 2 3 0 3 



X) fc<ORlS«F^ ( [B (CeFs) 3 (X) ] _ ) Oi^^nty^U 
^^iSHctot^tS^ftylMia^ftt^B (CgFg) sXfl 

mmm (4m*^*^) ^^it^mx. ^u^v^ ^^7>fyttat; 
Sr^tfT=.^-vaati:«i«:xt/ (2) #/m?7>\ y ^7^/^7y^^7>^ 

-»» > #31 W *3 1 > T *T iff ft*— <D T - * >Kte«gfls: ft «tr*gtt»WI:-&« 
10. [ [ (L ff -H) + ] d [ (M') -Qi -Qm d " 

(b) &t>\ 

^ft^sRiR^H .000^ 9 o. mm. 5 ^flo«^5p*&jgs-e^ y ^-i«i:j&ot» 

250«±©«*W J F : Oi||tt«« (a) 
\s-7 4 >o 



(42) 



¥f^¥8 -5 0 2 3 0 3 



2. Mm (a) #30075^3. 000<BfiBR*aF-e*> 6, «#* 1 y * 

3 . 30,0007^1 ,000, 000(39 M^*^***"***!*** 1 2 KB 

6. #J£g (a) fr^U>^±Cz7hm.C*o<Da-*ls7 4>frh'#totl,. *««SU 

7. 0.8575M0.95g/oD 3 ^^^J: ^^f+f-t^ix^. 1 75^6 vf 
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